Spouses are often the first providers of informal care when their partners develop dementia. We used The National Longitudinal Caregiver Study (NLCS, 4 annual surveys, 1999(NLCS, 4 annual surveys, to 2002 and identified 3 distinct longitudinal patterns (trajectory classes) of total daily caregiving time provided by the wife to her husband using Generalized growth mixture models (GGMM). About 56.4% of the sample (N = 828) was found to have an increase in the trajectory of total daily caregiving time (mean 252 min/d at baseline, rising to 471 min/d at time 4). Four hundred forty-four (30.3%) caregivers had a trajectory described by a moderate increase in caregiving time (an increase from a mean of 464 min/d at baseline to 533 at wave 4), whereas 195 (13.3%) had a sharply declining trajectory (a decline from a mean of 719 min/d at baseline to 421 at wave 4). There was no significant difference in the duration (time since onset) of caregiving at baseline for these 3 trajectories. GGMM are well suited for the identification of distinct trajectory classes. Here they show that there are large differences in caregiving time provided to persons with dementia, who seem to be quite similar.
A lzheimer disease (AD) and other dementias are progressive neurologic diseases which cause deficits in cognitive function that lead to inability to complete both basic and instrumental activities of daily living (B/IADL), gradually resulting in total dependence in these activities. 1 Most of the 5 million persons 2 suffering from AD live in community settings and receive most of their help and support to complete B/IADL (caregiving) from family members. 3, 4 Currently there are 7 million caregivers in the United States 4 and a recent report suggests that by 2050, there will be 40 million caregivers, providing care for 28 million elderly disabled persons, a large number of these having AD or other dementias. 5 The spouse is typically the first provider of care when an elderly person is married, though the estimates of the number of elderly persons receiving such care and the proportion provided by spouses differs across studies. 6 Although it is clear that providing care for a person with AD or another dementia is time consuming and often burdensome, the amount of care provided by spouses would not be expected to be uniform across couples. The amount of time provided by a spouse could be expected to vary on the basis of the needs of the individual with dementia, the stage of the disease, and the circumstances of the caregiver, especially linkages with other potential caregivers. Describing distinct temporal patterns of caregiving time provided by wives for their husbands with dementia could help identify important patterns that may have practical, clinical, and broader policy implications in the manner that persons with dementia are treated. The goal of this study is to determine the number of distinct patterns or trajectory classes (hereafter called simply trajectories) in the amount of care (measured by minutes of care provided per day) provided by wives for their husbands with dementia. We then compare the trajectories identified using variables describing both the caregiver and the care recipient to determine whether specific trajectories differ in quantifiable ways as measured by important observed variables.
METHODS

Study Design and Sample
The National Longitudinal Caregiver Survey (NLCS) 7 is a national survey of informal caregivers of elderly veterans living in the 48 contiguous states and Puerto Rico who were clinically diagnosed with AD or vascular dementia. The purpose of the NLCS was to document the amount and type of informal care provided to persons with dementia, and the consequences of providing such care on the caregiver. The same caregiver respondents were surveyed annually (1999 to 2002), up to 4 times. If the care recipient moved to a nursing home facility, this transition was tracked. Similarly, if the care recipient died, date and cause of death was also recorded.
Participants became eligible for study inclusion if they had an outpatient visit to a Veterans Administration Hospital or clinic in 1997 and who were age 60 or older, lived in a community setting, had a next of kin contact, and had a diagnosis of ICD-9-CM code 331.0 (AD) or 290.4 (vascular dementia) recorded in their medical chart. 8 Households (N = 9124) were invited to participate in the study, 5773 (63%) responded to the invitation, and 3665 met all the inclusion criteria and were sent an initial survey. Of these, 2279 surveys were returned, 11 of whom were found to be ineligible, yielding a full baseline sample of 2268.
Approximately 93% of the useable sample (N = 2268) consisted of a wife caring for her husband, and we limit our analyses to this group because the remaining groups of respondents (mostly adult children caring for their father) were too small to yield reliable estimates. We sequentially excluded 54 male caregivers, 282 nonspousal caregivers, and 64 caregivers with missing data on all waves of caregiver time and 401 participants with missing covariates. Deleting participants with missing covariates was necessary because the growth models employed (see below) require subjects to have complete data for all covariates. The total number of caregiver-care recipient (wife-husband) dyads with complete information was 1467.
Outcome Measure
The NLCS gathered a great deal of information regarding the provision of care. A series of 22 questions determined if care was provided for ADL such as eating, dressing, and bathing, as well as for IADL such as helping with taking medication, driving to medical appointments, and shopping. For each item, the wife was asked if she provided help, and if she answered ''yes, I regularly do this'' she was asked how long this typically took. From these values, the amount of time spent providing care for that item per day was estimated. These item-specific time estimates were summed to create the outcome measure used in our study, total minutes of caregiving time per day. This measure has been used in past work to estimate the cost of informal care provided by caregivers. 7
Analytic Approach
The goal of the analysis is to identify whether there are distinct trajectories or underlying patterns of development of total time of care provided by a wife to care for her husband with dementia. We take this approach because a population-averaging method that fits a single linear representation of the change in caregiving time provided over time may obscure different patterns that better describe distinct subgroups of caregivers. To determine whether such trajectories were present in the data, we used general growth mixture modeling (GGMM) [9] [10] [11] [12] which analyzed both the level and change in care giving time provided per day over 4 surveys spanning a 3-year period. Traditional growth modeling techniques assume a single growth model to describe the change. GGMM, on the other hand, tests if more than one distinct class can be used to describe the data, that is, whether there are underlying meaningful groups in the dataset. Such groups may be etiologically distinct or present practical categories useful for differentiating what might be optimal treatments for the different groups. Such variation may also be important for policy reasons.
Unlike random coefficient growth modeling, GGMM provides latent trajectory classes that allow for heterogeneity, growth shapes, and concurrent outcomes. In addition, GGMM enables each class of subjects to transition at different time points and provides flexible piecewise growth modeling. 12, 13 Finally, GGMM provides an estimate of an individual's posterior probability of class membership. This method has been applied to address trajectories of alcohol use, 14 typology of nighttime bladder control, 15 homelessness, 16 and longitudinal math achievement scores 12 in the past. We used M-plus version 4.2 statistical software 17 to identify and describe distinct patterns of trajectories in caregiving time.
We first estimated a model with an intercept only, and then added a linear growth factor to determine the form of the caregiving time growth model. We then proceeded to identify the number of trajectory classes. The number of trajectory classes is determined by sequentially increasing the number of classes, examining the results and fit statistics (Akaike information criteria, Bayesian information criteria, and sample size adjusted Bayesian information criteria). 18 For any of these fitindices lower scores imply better fit. We also conducted sequential testing to determine if the decrease in likelihood ratio with increase in classes was statistically significant by using the Lo-Mendell-Rubin test. 19 We examined the stability of the classes after including the following covariates, namely duration of care provided at baseline by the wife to the husband with dementia, patient characteristics of physical functioning, [20] [21] [22] and the following caregiver characteristics: age, income, race (white vs. others), education in years, sum of items on which help was received by caregiver and, whether or not the caregiver was employed.
After determining the number of trajectory classes, we examined the bivariate associations between the classes and the following variables: number of potential alternative caregivers and support persons living within 1 hour of the caregiver, including brothers or sisters, children, or other person that the caregiver could depend on who is not a family member. Related measures that were designed to provide a context of the support available to the caregiving wife were the caregiver network size, and the caregiver social interaction score. 23 Other measures compared across trajectories include caregiver comorbid health conditions, overall caregiver life satisfaction, 24 caregiver depressive symptoms, 25 caregiver health service use, household income, race (white vs. other), and marital status. We examined the associations between categorical variables by using w 2 tests and, by using nonparametric tests 26 for differences between the trajectory classes on the continuous variables.
RESULTS
All analysis sample members were wives caring for their husband who was diagnosed in a Veterans Administration clinic with dementia (either AD or vascular dementia). About 1162 (79.2%) of the wife caregivers were age 65 or older, and 82.1% (n = 1204) lived alone with their husband. Virtually all of the couples had been together for 10 years or more (n = 39, 2.7% had been married for less than 10 y) and 84.3% (n = 1240) had been married for more than 25 years. The racial composition of the sample couples was similar to that of elderly Americans in general, with 83% being white, and 10% African American.
We identified 3 trajectories of total caregiving time provided by wives to their husband (Fig. 1) . The most common trajectory represented just over 56.4% of all wife caregivers (n = 828) and was characterized by a (relatively) low number of minutes of care provided per day at baseline (252 min/d) increasing to 471 min/d by wave 4 (hereafter called low increasing trajectory). The remainder of the sample was split between 2 sharply divergent trajectories, 1 (n = 195, 13.3%) in which minutes of caregiving time fell from 719 min/d at baseline to 421 min/d at wave 4 (hereafter called decreasing trajectory), and the other (n = 444, 30.3%) in which caregiving increased from 464 min/d at wave 1 to over 533 min/d at wave 4 (hereafter called moderate increasing trajectory). Standard fit statistics were assessed, indicating that the 3 trajectory classes model best described the data ( Table 1 ). The Lo-Mendell-Rubin test was significantly different when moving from 1 to 2 and then from 2 to 3 trajectory classes, but was not significantly different and thus did not improve model fit when allowing for a fourth class.
The trajectories did not differ in terms of the type of dementia (AD vs. vascular dementia by the 3 classes) that care recipient husbands were suffering from [w 2 , 0.17 (2 df), P = 0.92]. We also tested for whether type of dementia (Alzheimer's vs. vascular) experienced by the care recipient might influence hours of caregiving received within trajectories, and found that there was no difference in the mean caregiving time at baseline within the decreasing trajectory and the low increasing trajectory. Within the moderate increasing trajectory we found that those with vascular dementia received 491 min/d as compared with 473 min/d (P = 0.05).
We compared the 3 trajectory classes using characteristics of the caregiver wife, the caregiving context, and the level of disability or need for care of the husband ( Table 2 ). The wives represented in the 3 trajectories did not differ in terms of age, with wives in all 3 trajectories having mean age of near 70 years, and mean years of completed education were very near 12. Nor did the wives differ significantly in terms of how long they had been providing care for their husband across trajectories (P = 0.11). Depressive symptoms of the caregiver wives also did not differ at baseline, nor did they differ across trajectories at later surveys (not shown in Table 2 ).
There were significant differences across the trajectories in the level of disability of the care recipient husband at baseline, measured by limitations in basic and instrumental ADL. The mean number of ADL limitations (out of 7) at the baseline was 2.6 for the low increasing trajectory, 2.8 for the moderately increasing trajectory and 3.8 for high decreasing trajectories (P<0.001). The mean level of ADL limitations experienced by surviving husbands rose as would be expected over time for all trajectories, but the pattern observed at baseline with the low increasing trajectory having the lowest level of disability remained. Similarly, care recipients in the decreasing trajectory had the highest mean level of impaired IADL at baseline (6.7 vs. 6.6 and 6.5, P = 0.01) compared with the other 2 trajectories. However, the practical importance of the difference is small given that the maximum possible number of limitations in IADL is 7. The number of IADL limitations at wave 4 did not differ across trajectories (P = 0.29). Another variable that differed significantly across trajectories was the amount of instrumental support that wife caregivers had available from others. Those in the low increasing trajectory had an instrumental support score of 30.8 (out of 42), as compared with 29.3 for the decreasing trajectory and 29.2 for the moderately increasing trajectory (P<0.001). Other variables that relate to help and support that wife caregivers could have in caring for their 
DISCUSSION
We identified 3 trajectories of caregiving time provided per day by wives to their husband with dementia. At baseline, there was nearly a 3-fold variation *Sum of the number of children, parents, grandparents, siblings, and others that can be depended on who live within 1 h of the home. wHigher score is indicative of more interaction. Range: 0-16. zHigher score is indicative of more depressive symptoms. Range: 0-20. yDo you hire people to do things your loved one used to, but is no longer able to do? J1-not satisfying; 2-fairly satisfying; and 3-very satisfying.
in mean minutes per day provided across the trajectories (ranging from 252 to 719 min/d). These differences were present despite the fact that caregiving had been ongoing for around 4.5-5.0 years in all trajectories, so stage of disease does not seem to explain the baseline differences in care. The amount of caregiving time provided per day did not remain constant across the studied period but instead converged, and at survey 4, the mean time/day ranged from 421 to 533 min/d, a much smaller variation. The slope of the trajectories differed, with 2 trajectories showing an upward sloping trend (increasing caregiving time/day) whereas 1 showed a substantial decrease (dropped by nearly half).
The reason for using a GGMM is the belief that there are underlying processes that make certain sample members more similar to one another than to others, and that this would be missed by the population-averaging methods that are typically used. [14] [15] [16] Key evidence that the trajectories of caregiving time differed in a fundamental manner that is not explained by other factors includes the fact that several key variables did not differ at baseline, notably duration of care at baseline and the size of the network of alternative caregivers available to a wife caregiver. Further, the results are not explained by differences in follow-up due to death, institutionalization, and loss to follow-up. There were some differences at baseline across trajectories in variables clearly related to caregiving time/day, notably the amount of disability observed as measured by I/ADL limitations of husbands.
The strengths of this paper include a relatively large sample of caregiver dyads, with caregivers followed through up to 4 survey points collected over 3 years. The survey also contains some detailed measures of caregiving and support persons that are related to caregiving. Caregiving dyads in this paper are all wives caring for their husband with dementia. This is one of the most common reasons for needing caregiving, but dementia caregiving may differ from caregiving for other medical/health reasons, so we cannot generalize the findings beyond caregiving for dementia. We could only study wives caring for their husbands, and so were unable to identify sex differences in caregiving time, and/or interaction of the broader family or social network and how care is provided for elderly persons with dementia. Furthermore, detailed measures of the symptoms of the husband with dementia are not available, so it is possible that there were differences in stage of dementia across patients that were not fully controlled for by adjusting for duration of caregiving at baseline. Finally, our measures of I/ADL disability of the care recipient were recalled by the caregiver so could be subject to recall bias. To the extent that this exists it is a limitation, but it should be constant within the subject, and the disability of a caregiver's husband is a salient concept for someone providing dementia care. We did not have a measure of caregiver cognition; it is possible that the couple dyads who were excluded from the study are more likely to have an impaired caregiving wife, but we cannot test for this.
This paper provides evidence that there is substantial variation in the amount of time spent providing care to husbands with dementia, even though the duration of caregiving in similar. This is possibly explained by stage of illness, but the similar duration of caregiving at baseline makes this explanation less plausible. The fact that the composition of dementia type was virtually identical in each trajectory (around 60% Alzheimer disease) also lessens worries that illness severity or type of dementia is a key driver of our findings. The levels of disability as measured by limitations in ADL and IADL differ significantly across trajectories, but the practical meaning of these differences (all trajectories have near complete IADL dependence, and the high decreasing trajectory had a little over 1 more ADL limitation, on average) do not easily correspond to the greater than 3-fold difference in minutes of care/day at baseline (250 min/d vs. 725 min/d). This supports the notion that there is an underlying process that makes some couple dyads systematically different from others with respect to amount of caregiving time provided/day.
The trajectory with the smallest number of couples (13.2% of the sample) in particular stands out because the amount of caregiver time/day declines from around 719 min/d to around 421 min/d, a decrease of nearly half. Is this decline evidence of an inappropriate (too little) time being provided to an individual with dementia? Is it simply a case of a trajectory in which too much, or at least an unneeded amount of care was provided earlier in the disease course, and that levels decline later on? Or are these persons who have progressed more rapidly into a stage of disease in which mobility declines are so great that less care is needed? Caregiver wife depressive symptoms did not differ across trajectories at baseline or at follow-up surveys, so it does not seem to be a case of declining caregiving time due to changes in the mental health of the caregiver wife. The answers to these questions cannot be easily answered by our analysis, but the method we used can identify trajectories that are substantially different from the ''average'' experience. These trajectories may be worth closer inspection and may be masked by more traditional methods. Application of these methods to other samples with recorded caregiver time may be useful in determining whether there are similar trajectories in those samples or if the trajectories we identified are idiosyncratic to the National Longitudinal Caregiver Survey. The GGMM method should also be applicable to other phenomena related to AD and dementia and the care of persons suffering from these diseases.
